The Notch signalling pathway is an important mediator of cell fate selection whose involvement in epidermal appendage formation is now becoming recognised. Hair follicle development and hair formation involve the co-ordinated differentiation of several different cell types in which Notch appears to have a role. We report intricate expression patterns for the Notch-1 receptor and three ligands, Delta-1,
Introduction
The hair follicle is a complex, cylindrical structure of at least 10 different cell types (for review see Powell and Rogers, 1997) . Follicles are initiated relatively late in embryonic development at discrete body sites as a result of reciprocal interactions between ectoderm and mesoderm (Hardy, 1992) . The mesenchymal cells maintain contact with the leading edge of the follicle placode and are eventually enveloped by the follicle bulb, forming a papilla. Cell proliferation and commitment to hair formation occur in the bulb wherein cells of the inner root sheath and hair shaft differentiate as concentric layers, their fates possibly determined by interactions between bulb cells.
The Notch signalling system is one of the major pathways involved in cell fate specification and is characterised by the interaction of two types of transmembrane proteins, the Notch receptors and the Delta and Serrate/Jagged families of ligands (Artavanis-Tsakonas and Simpson, 1991; Greenwald and Rubin, 1992; Mitsiadis et al., 1995; Chen et al., 1997) . Differential expression of Notch receptors and their ligands appears to correlate with distinct cell fates and their expression in epidermal appendages is now being recognised (Weinmaster et al., 1992; Kopan and Weintraub, 1993; Chen et al., 1997; Mitsiadis et al., 1997; Valsecchi et al., 1997; Viallet et al., 1998) .
Notch-1 has been discovered in the inner follicle bulb cells where it is proposed to mediate cell fate selection (Weinmaster et al., 1992; Kopan and Weintraub, 1993) . Preliminary tissue survey studies have shown that the ligands, Jagged-1 and Jagged-2, are expressed in embryonic ectoderm and embryonic vibrissae (Mitsiadis et al., 1997; Valsecchi et al., 1997) . To further define the roles of the Notch signalling pathway in the fol- licle we examined the expression of Notch-1 and three Notch ligands, Delta-1, Jagged-1 and Jagged-2 in hair follicle development and hair growth.
In developing hair follicles, Notch-1 is expressed in the epidermis and the ectodermal component of the placode (Fig. 1A-D) but not in the mesenchymal cells. In advanced placodes Notch-1 is predominantly expressed in the inner cells and not in the presumptive outer root sheath cells (ORS). From the earliest stage of follicle formation Delta-1 is exclusively expressed in the mesenchymal cells of the presumptive dermal papilla (Fig. 1E-H) . Jagged-1 and Jagged-2 are expressed in embryonic epidermis and in the epidermal component of developing follicles ( Fig. 1I-P) . In advanced placodes, Jagged-1 expression parallels Notch-1 in the inner placode cells (Fig. 1K,L) whereas Jagged-2 is also expressed in the presumptive ORS cells (Fig. 1O,P) . At this stage, Jagged-1 is transiently expressed in the mesenchymal cells of the pre-papilla (Fig. 1K,L) .
In neonatal vibrissa follicles Notch-1 is abundantly expressed in the follicle bulb and is markedly diminished or absent from the bulb cells adjacent to the dermal papilla, as reported by Kopan and Weintraub (1993) . Notch-1 is also expressed in the ORS ( Fig. 2A-D) , a finding not previously noted and we attribute this distinction to previous work to the higher sensitivity of radio-isotopic detection. Delta-1 is not expressed in neonatal follicles (data not shown). Jagged-1 and Jagged-2 are expressed in complementary patterns in vibrissae ( Fig. 2E-M) . Jagged-1 is detectable in follicle bulb cells destined to form the hair shaft cortex and cuticle, whereas Jagged-2 is mainly restricted to bulb cells next to the dermal papilla. In the ORS, Jagged-2 is expressed in the basal cells and Jagged-1 is confined to the suprabasal cells. Curiously, Jagged-1 expression in the ORS ceases in the upper part of the follicle near the epidermis. Notch-1, Jagged-1 and Jagged-2 are not expressed in advanced, differentiating hair shaft or inner root sheath cells, contrasting with their dynamic expression during follicle development and in the follicle bulb.
Experimental procedures
The in situ hybridisation procedure, utilising a-33 P-rUTPlabelled cRNA probes, was essentially as described by Powell and Rogers (1990) . The Notch-1 probe was as described by Kopan and Weintraub (1993) . The mouse Delta-1 probe was a 980 bp NcoI-EcoRI fragment encoding 304 bp of the intracellular domain and 676 bp of the 3′ noncoding region derived from the mouse clone (Bettenhausen et al., 1995) . The Jagged-1 probe was a 527 bp BglII fragment spanning the cysteine-rich domain of the rat clone (Lindsell et al., 1995) . The Jagged-2 probe was a 1076 bp BamHI fragment including several EGF-like repeats and part of the cysteine-rich domain of the rat clone (Shawber et al., 1996) . 
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